BACKGROUND: Women who seek vaginal birth after cesarean delivery may find limited in-hospital options. Increasing numbers of women in the United States are delivering by vaginal birth after cesarean delivery out-of-hospital. Little is known about neonatal outcomes among those who deliver by vaginal birth after cesarean delivery in-vs out-ofhospital. OBJECTIVE: The purpose of this study was to compare neonatal outcomes between women who deliver via vaginal birth after cesarean delivery in-hospital vs out-of-hospital (home and freestanding birth center). STUDY DESIGN: We conducted a retrospective cohort study using 2007e2010 linked United States birth and death records to compare singleton, term, vertex, nonanomolous, and liveborn neonates who delivered by vaginal birth after cesarean delivery in-or out-of-hospital. Descriptive statistics and multivariate regression analyses were conducted to estimate unadjusted, absolute, and relative birth-setting risk differences. Analyses were stratified by parity and history of vaginal birth. Sensitivity analyses that involved 3 transfer status scenarios were conducted. RESULTS: Of women in the United States with a history of cesarean delivery (n¼1,138,813), only a small proportion delivered by vaginal birth after cesarean delivery with the subsequent pregnancy (n¼109,970; 9.65%). The proportion of home vaginal birth after cesarean delivery births increased from 1.78e2.45%. A pattern of increased neonatal morbidity was noted in unadjusted analysis (neonatal seizures, Apgar score <7 or <4, neonatal seizures), with higher morbidity noted in the out-of-hospital setting (neonatal seizures, 23 [0.02%] 
setting had higher odds of poor outcomes (neonatal seizures [adjusted odds ratio, 8.53; 95% confidence interval, 2.87e25.4); Apgar score <7 [adjusted odds ratio, 1.62; 95% confidence interval, 1.35e1.96]; Apgar score <4 [adjusted odds ratio, 1.77; 95% confidence interval, 1.12e2.79]). Although the odds of neonatal death (adjusted odds ratio, 2.1; 95% confidence interval, 0.73e6.05; P¼.18) and ventilator support (adjusted odds ratio, 1.36; 95% confidence interval, 0.75e2.46) appeared to be increased in out-of-hospital settings, findings did not reach statistical significance. Women birthing their second child by vaginal birth after cesarean delivery in out-of-hospital settings had higher odds of neonatal morbidity and death compared with women of higher parity. Women who had not birthed vaginally prior to out-of-hospital vaginal birth after cesarean delivery had higher odds of neonatal morbidity and mortality compared with women who had birthed vaginally prior to out-of-hospital vaginal birth after cesarean delivery. Sensitivity analyses generated distributions of plausible alternative estimates by outcome. CONCLUSION: Fewer than 1 in 10 women in the United States with a previous cesarean delivery delivered by vaginal birth after cesarean delivery in any setting, and increasing proportions of these women delivered in an out-of-hospital setting. Adverse outcomes were more frequent for neonates who were born in an out-of-hospital setting, with risk concentrated among women birthing their second child and women without a history of vaginal birth. This information urgently signals the need to increase availability of in-hospital vaginal birth after cesarean delivery and suggests that there may be benefit associated with increasing options that support physiologic birth and may prevent primary cesarean delivery safely. Results may inform evidence-based recommendations for birthplace among women who seek vaginal birth after cesarean delivery. R educing the overall cesarean delivery (CD) rate is a national priority, 1 and vaginal birth after cesarean delivery (VBAC) is one proven strategy for reaching this goal.
2 National guidelines recommend that women with one previous CD have the option for trial of labor after cesarean (TOLAC) 3 ; however, not all hospitals allow TOLAC. Increasing numbers of women in the United States seek out-of-hospital birth, 4, 5 including those who seek VBAC. 6, 7 Although it is well-established that in-hospital VBAC carries a small but significantly increased risk for neonatal death 8, 9 and evidence suggests a small but significant relative increase in intrapartum fetal and neonatal death that is associated with out-of-hospital birth, 10, 11 less is known about neonatal outcomes for out-of-hospital VBAC.
A limited body of research addresses questions of VBAC outcomes by birth setting. One German study compared women who planned their second birth at home (n¼24,545) 12 and found that women with previous CD had worse neonatal outcomes. A prospective British study (n¼1436) found a nonsignificant pattern that suggested increased neonatal morbidity and mortality rates in out-of-hospital VBAC, as compared with hospital VBAC. 13 Three studies 14 A second prospective study of parous women who delivered in a birth center found increased neonatal mortality rates among women with a previous CD (n¼1453). 15 The third study found significantly elevated rates of poor neonatal outcomes among women who sought TOLAC in a large national registry of planned home births to parous women (n¼13,144). 16 Despite the increasing frequency of out-of-hospital VBAC, 6, 7 to our knowledge there are no US studies that have compared VBAC outcomes between hospital and out-ofhospital settings.
With the use of vital statistics data, the purpose of this study was to (1) characterize US women who completed VBACs in home, birth center, and hospital settings, (2) compare neonatal outcomes by birth setting (in vs out-ofhospital), and (3) apply advanced statistical modeling techniques to account for intended vs. actual delivery setting.
Materials and Methods
This was a retrospective cohort study that used 2007e2010 US birth and death records. An infant death file was linked to the corresponding birth certificate in year of birth, regardless of year of death. Cohort-linked birth/ infant death files are available through 2010. 4, 5 Records were excluded if the woman (1) did not have a CD history, (2) delivered by repeat CD, (3) had a multiple gestation, (4) delivered preterm (<37 weeks) or extremely postterm (>43 weeks), (5) had a breech fetus, (6) had a fetus with congenital anomalies, (7) experienced stillbirth (fetal death), or (8) if there was obvious data miscoding (eg, both nulliparity and CD history were marked; this removed <2% of the sample). Thus, our study compares outcomes for women with singleton, term, vertex, nonanomolous, liveborn neonates who were delivered by VBAC in or out-of-hospital (n¼109,970). Our key exposure variable was birth setting, which was defined as completed home or freestanding birth center birth vs completed hospital birth.
We analyzed several neonatal outcomes that included neonatal death (death within first 28 days), depressed 5-minute Apgar score (both <7 and <4), neonatal seizures, infant ventilator support >6 hours, neonatal intensive care unit (NICU) admission, and birth injury (skeletal fracture, peripheral nerve injury, and/or soft tissue/solid organ hemorrhage that required intervention).
We calculated descriptive statistics for demographic and outcome variables, comparing completed VBACs in and out-of-hospital. All statistical tests were performed with the use of the chi-square or Fisher's exact test; statistical significance was P < .05. Logistic regressions were performed with the use of multivariable models that controlled for demographic and prenatal care characteristics. Models compared outcomes in the out-of-hospital to in-hospital (the referent) categories. For regression analyses and descriptive statistics of outcomes, we combined completed birth center and completed home VBACs into a single out-of-hospital category, a decision scientifically and practically motivated. We posit that, during obstetric emergencies, proximity to medical intervention is often similar for those at home and at free-standing birth centers. Practically, given the rare exposure (out-of-hospital birth), exposure subgroup (VBAC), and very rare outcomes (neonatal death), small cell sizes and limited statistical power precluded us from analyzing out-ofhospital settings separately.
Covariates included in the models were maternal race/ethnicity (white [ 17 and weight gain >40 pounds (no/yes). It is valuable to consider measures of both relative and absolute risk when comparing outcomes by birth setting 18, 19 ; thus, absolute birth setting risk differences were calculated for each regression. All analyses were conducted with Stata software (version 12; StataCorp, College Station, TX).
Because both parity and history of vaginal birth are important predictors of perinatal outcomes for women who choose TOLAC, we conducted stratified regression analyses examining the association between birth setting and each outcome. Models were fit as described earlier, stratified by parity (1 previous birth, 2, and 3) and history of vaginal birth (no/yes).
Because it is not possible to disaggregate women who intended out-ofhospital birth but ultimately delivered in-hospital from women who planned and birthed in-hospital, 10 we conducted sensitivity analyses to estimate effects of this misclassification bias. 20, 21 We used random resampling to estimate how odds of neonatal death and Apgar score <4 might be affected if transfers were identifiable. Because Oregon birth certificates enable disaggregation by intended birth setting, Oregon vital statistics were used to estimate that 0.44% of observed hospital births were likely outof-hospitaleto-hospital transfers. 10 This rate informed calculation of the number of transfers from the out-to in-hospital setting; records equaling this number were chosen randomly under different scenarios and placed in the out-ofhospital birth category to assess outcome odds ratio sensitivity reclassification.
Three scenarios were explored: (1) hospital births with the outcome of interest were given the lowest probability of being reclassified, (2) hospital births with the outcome of interest were given a high probability of being reclassified (modeling presumed transfers had >5 times greater neonatal death risk and 4 times greater risk of an Apgar score of <4), (3) transfer status was assigned randomly to 470 hospital records (0.44% of hospital births sample). After
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For both extreme scenarios (1 and 2), a single random reclassification was made for each outcome. To explore odds ratio variations that resulted from different random reassignments, bootstrap analysis of the permutation distribution of 
Results Demographics
Women who delivered by VBAC out-ofhospital were significantly more likely to be white and older (35 years) compared with women who delivered by VBAC in-hospital (P<.001; Table 1 ). Those who completed VBAC out-ofhospital were less likely to smoke, to initiate prenatal care in the first trimester, to meet criteria for adequate or adequate plus prenatal care according to the Kotelchuck index, and also achieved different levels of education than those who completed VBAC in-hospital (P<.001).
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More than one-half of VBAC births out-of-hospital were among women with parity 3 (out-of-hospital 56.72% vs hospital 40.48%; P<.001). In contrast, women with in-hospital VBAC were more frequently of lower parity (eg, parity 1: hospital, 31.65%; out-ofhospital, 20.59; P<.001). Most women in all settings had a history of 1 previous CD (out-of-hospital 88.69% vs inhospital 88.44%; P¼.14). A higher proportion of women who delivered via VBAC out-of-hospital had a history of previous vaginal birth than women who delivered via VBAC in-hospital (out-ofhospital 76.01% vs in-hospital 62.92%; P<.001).
A small proportion of the total number of US women with a history of CD (n¼1,138,813) delivered by VBAC in any setting (n¼109,970; 9.65%); a large majority of these delivered in-hospital (n¼106,823; 97.14%; Table 1 ). Between 2007 and 2010, the proportion of completed VBAC births in the home setting increased from 1.78e2.45% (Table 2) .
Outcomes
A pattern of increased neonatal morbidity was noted in unadjusted analysis of outcomes (Apgar score <7 or <4, neonatal seizures) by birth setting, with higher morbidity in the out-ofhospital setting (Table 3 ). For example, Apgar score <7 was observed in 4.4% of out-of-hospital VBACs and 2.7% of inhospital VBACs (P<.001). A similar, but nonsignificant, pattern of increased risk was observed for neonatal death and ventilator support in the out-of-hospital setting. NICU admission was significantly lower among neonates who were delivered via VBAC out-of-hospital as compared with in-hospital (1.1% vs 3.1%; P<.001); birth injury was lower, but nonsignificant, out-of-hospital compared with in-hospital.
In multivariable regression analyses that were adjusted for confounders, associations between birth setting and rare adverse outcomes were estimated with low statistical precision because of small cell sizes. Neonates who were born in the out-of-hospital setting were >8 times as Table 6 ). Random resampling to assess the sensitivity of outcome odds ratios to transfer into the hospital during labor, but before delivery, generated distributions of plausible alternative estimates by outcome ( Table 7) . As hypothesized, the increases in adverse outcomes that were associated with the out-of-hospital setting were attenuated in scenario 1 (eg, Apgar score <4 was no longer statistically significant) and were increased in scenario 2 (eg, increased odds of neonatal death became statistically significant).
Comment
Findings from this study indicate that, although VBAC is one of the most effective mechanisms to reduce the CD rate, fewer than 1 in 10 US women with a previous CD delivers by VBAC in any setting. Our study also suggests that, among US women who delivered by VBAC, adverse outcomes were generally more frequent for neonates who were born out-of-hospital, although in-hospital VBACs had higher rates of NICU admission and birth injury. We found that adverse outcomes among VBACs were concentrated disproportionately in women with lower parity and those without a history of vaginal delivery.
Many factors likely contribute to these findings; we will comment on several.
Uterine rupture is one important factor that affects the risks associated with TOLAC/VBAC. 8 When this occurs outof-hospital, delayed obstetric intervention may have significant consequences, which include increased risk for severe neonatal morbidity and death. 15 Distance from hospital interventions may at least partially explain the finding that neonates delivered via VBAC out-ofhospital have increased odds of low and very low 5-minute Apgar scores. Higher NICU admission rates and birth injury among hospital VBACs may simply reflect proximity to the NICU or could be a function of increased in-hospital access to assisted vaginal delivery. Differences in diagnostic practice patterns by setting may also importantly shape our findings. 22 Previous research indicates that women who deliver in-hospital who are of lower parity or without a history of vaginal birth are at higher risk for VBAC-related complications. 23 Our findings suggest that this is also true among women who deliver by VBAC out-of-hospital. Congruent with previous research, 16 results of this study signal that women who birth their second child and those without a history of vaginal birth are more Results that show parity and vaginal birth history differences by setting may reflect more conservative VBAC care practices in out-of-hospital settings. Among women who intend VBAC, it is possible that out-of-hospital providers less frequently agree to care for or more rapidly transfer those with lower parity or no history of vaginal birth. It is also possible that women who seek VBAC select birth setting based on these and other factors. This pattern of higher parity and large proportions of women with a history of vaginal birth among out-of-hospital VBACs is consistent with practice patterns that have been noted in previous research. 12, 13, 16 Findings also suggest other birth setting differences. In out-of-hospital settings, fewer women initiated care in the first trimester or met Kotelchuck criteria for "adequate plus" prenatal care. Because out-of-hospital prenatal care generally involves longer visits, 24 while adequate plus is defined by quantity of visits, 17 the measure may fail to provide insight on the quality of care. In addition, certified professional midwives, who attend most US home births, are unregulated in several states. This may create barriers to obtaining previous records when women transfer to a certified professional midwife midpregnancy, leaving onset and total quantity of prenatal visits uncertain. Understanding such birth setting practice pattern differences and maternal care preferences is critical to increasing integration of maternity care services across birth settings in the United States, 10 a change that we see as essential for the improvement of maternal and neonatal outcomes. 25 Evidence from Canada and Europe have demonstrated that integration of maternal care across birth settings is associated with lower rates of adverse outcomes in all settings and smaller or no morbidity differentials between settings. 26, 27 Our findings of increased low 5-minute Apgar score among neonates who were delivered out-of-hospital along with increasing rates of out-of-hospital VBAC, highlight the importance of an increase in childbirth safety for this growing population of women and further consideration of factors that may drive women to choose out-of-hospital TOLAC. These factors likely include barriers that women encounter when they seek TOLAC, 28 such as VBAC bans, narrow hospital TOLAC selection criteria, and cultures that favor CD. [29] [30] [31] Low-risk women who seek TOLAC in many US communities may find out-ofhospital settings their only option 7, 32, 33 or may perceive out-of-hospital delivery as their best option for avoiding unsatisfactory labor care. One feature of vital statistics data collection is that it identifies actual, but not intended, mode of delivery, which prevents the use of this data to build knowledge regarding those who intended TOLAC but ultimately delivered by repeat CD in each setting. Although our outcome definition captures most women who plan TOLAC in each setting, outcomes among women who deliver by repeat CD are critically important as well; this is an area for future research. To address the inability to differentiate planned from unplanned hospital births in vital records data, we conducted a novel random resampling analysis that suggested uncertainty bounds to estimate the likely magnitude of misclassification bias. This analysis was informed by the percent of birth setting transfers from one state and also may misestimate risk that is attributable to out-of-hospital TOLAC, both of which are limitations. Women are not linked across pregnancies in US vital statistics data, so we considered each pregnancy to be independent, likely introducing a small bias into the estimation of standard errors.
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In the publically available fetal death certificate, the difference between an antepartum fetal death and an intrapartum fetal death are indistinguishable.
Therefore, we could not analyze intrapartum death, which is a crucial outcome that has been shown to differ by birth setting. Nonetheless, there are major evidence gaps in US populationbased results on this topic; birth certificates are one of the rare sources of national population-based birth data. These shortcomings highlight the need to leverage additional data resources 16, 35 to continue refining US vital statistics collection capacity. 10 One in three pregnant women in the United States delivers her child via CD 36 ; those who desire future fertility will face the decision to deliver via repeat CD or to seek TOLAC. Planned repeat CD and TOLAC each incur important risks to a pregnant or laboring woman, 37, 38 to her fetus or neonate, 9 and to future children. 8, 37 Study results add to previous work that shows that a growing share of US women are choosing VBAC in outof-hospital settings. 6, 28 Our findings demonstrate increased odds of some neonatal morbidity measures and a trend toward increased neonatal death among those who make this choice. This urgently signals the need to advance evidence-based policies and care aimed to mitigate this increased risk and also decrease the frequency with which US women are faced with choosing VBAC vs repeat CD. These efforts should include increased support for physiologic birth 39 and safe prevention of the primary CD. 1 Given the recent American College of Obstetricians and Gynecologists committee opinion recommending that all TOLAC/VBAC occur in-hospital, 40 effective national and clinical leadership 41 to increase the availability of inhospital TOLAC/VBAC is imperative. n 
